Although it has been well known that visual cues affect the perception of subsequent visual stimuli, relatively little is known about how the cues themselves are processed. The present study attempted to characterize the processing of a visual cue by investigating what information about the cue is stored in terms of both location (''where'' is the cue) and attributes (''what'' are the attributes of the cue). In 11 experiments subjects performed several trials of reporting a target letter and then answered an unexpected question about the cue (e.g., the location, color, or identity of the cue). This surprise question revealed that participants could report the location of the cue even when the cue never indicated the target location and they were explicitly told to ignore it. Furthermore, the memory trace of this location information endured during encoding of the subsequent target. In contrast to location, attributes of the cue (e.g., color) were poorly reported, even for attributes that were used by subjects to perform the task. These results shed new light on the mechanisms underlying cueing effects and suggest also that the visual system may create empty object files in response to visual cues.
Introduction
A primary goal of visual cognition is to understand how attentional filters are affected by visual cues. In this context, the term visual cue typically refers to a visual stimulus that appears in the periphery. These cues alter the prioritization of certain stimuli according to their spatial location, such that processing is enhanced at the cued location and is diminished at other locations. This enhancement produces improvements in discrimination accuracy, reaction time, and even changes in perceived appearance (Carrasco, Ling, & Read, 2004; Posner, 1980; Posner, Snyder, & Davidson, 1980; Shiu & Pashler, 1994) . Furthermore, a cue will cause reductions in accuracy and increases in reaction time for discrimination and detection of stimuli outside of the cued region (Cheal & Lyon, 1989) .
While it has been well established that visual cues cause rapid and dramatic changes in the attentional filters employed by the visual system, relatively little is known about how the cues themselves are processed. For example, one issue that has received little inquiry is the degree to which the cue itself is encoded into memory when subjects do not expect that they will need to remember it. The answer to this question has important implications for our understanding of how attention and memory encoding interact. For example, in the case of the attentional blink, there are limitations in the rate of memory encoding that are either inherent in the visual system (Dux & Marois, 2009) , or the result of strategic suppression of attention by memory encoding (Bowman & Wyble, 2007; Wyble, Bowman, & Nieuwenstein, 2009; Wyble, Potter, Bowman, & Nieuwenstein, 2011) . Specifically, encoding of the first target (T1) in an attentional blink paradigm reduces the ability to encode and report the following target (T2).
These dynamics may also play a role in spatial cueing effects such that encoding of the cue itself may alter the ability to encode the following target. In other words, the observed effect of a cue on a following target may reflect a composition of multiple factors, including both the attention recruited by the cue as well as any costs incurred by encoding the cue into working memory (WM). Therefore, to clarify how the cues themselves are processed (e.g., encoded and maintained in the WM) is of great importance for us to fully understand the mechanisms underlying various cueing effects.
To examine this question, the present study attempted to characterize the processing of the cue by investigating whether memory traces of the location (''where'' is the cue) and attributes 1 of the This question has not yet been addressed because, while it has been easy to study the effect of cues on subsequent targets, it is much more difficult to study how the cues themselves are encoded into WM. This is because asking participants to report the cues would cause a participant to treat them as targets on subsequent trials.
To address this problem, we adopt a paradigm similar to that used by inattentional blindness studies (e.g., Mack & Rock, 1998; Rock, Linnett, Grant, & Mack, 1992) , although there are several critical differences. In a typical inattentional blindness study, participants were asked to focus their attention on one task and then they were asked to report the information about an unexpected stimulus in a surprise trial. The result usually shows that participants rarely report the unexpected stimulus, and such a failure of report was traditionally attributed to a lack of attention on the unreportable stimulus.
However, it remains unknown whether people can report the location or attributes of an expected cue that triggers attention, but that they have no expectation of reporting. To answer this question, participants in our paradigm perform several trials of a cueing experiment in which they report a target letter without reporting the preceding visual cue, and then answer a surprise question about the cue (e.g., its location or color). After this point, the participant's attentional set is considered to be contaminated by the expectation that they should try to encode the cue and the subject is then ineligible to participate in further experiments regarding this topic.
Experiment 1
In the first experiment we investigated whether the location of the cue is automatically encoded into WM. We examined this issue by asking participants to report only the target letter appearing after the cue in a series of trials and then asking them to report the location of the cue in a surprise question on the last trial.
Method
Participants: Eighteen Pennsylvania State University undergraduates (all reported normal or corrected-to-normal visual acuity) participated in this experiment in exchange for credit for a course requirement. For this and all following experiments, no subjects were excluded after data collection, and all of the measures that were recorded from subjects are reported. Before beginning the experiment, all subjects read and signed a consent form approved by our institution's IRB. All of the experiments reported here were conducted in accord with the Code of Ethics of the World Medical Association (Declaration of Helsinki). The data from all experiments described in this manuscript are located in ScholarSphere repository of the Pennsylvania State University at this URL: https://scholarsphere.psu.edu/collections/5712mc169.
Apparatus: Stimuli were presented on a 17-in CRT monitor with a resolution of 1024 Â 768 pixels. Participants were seated approximately 50 cm away from the screen and entered responses via a computer keyboard. The animations were generated by using Matlab with Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) on a Windows XP operating system. Stimuli: Four black placeholder circles (0.62°) were displayed on the four corners of an invisible square (6.25°Â 6.25°), and the black central fixation cross (0.62°) appeared in the center of the invisible square. The cue consisted of two red rectangle bars (0.15°Â 0.92°), with each one 0.63°above and below the placeholder. The targets were fifteen 0.86°Â 0.62°black English letters (A, B, C, D, F, H, J, K, L, N, P, R, T, V, X) presented in the Arial font. All the stimuli were presented on a gray background (RGB: 150/150/150). The mask was generated by using two overlapped black symbols (@ and #).
Procedure and design: As shown in Fig. 1 , each trial began with the fixation cross and four placeholders. After a variable duration (900-1900 ms), a cue appeared at one of four possible locations (defined by the four placeholders) for 80 ms. Before the experiment, participants were instructed that ''You will also see some red bars flash on the screen before the letter. Sometimes the bars will indicate where the letter will appear''. There were 12 trials in this experiment. On the first 11 trials, the cue was followed by a target in either the same location (valid condition, 50% of trials) or a different location (invalid condition, 50% of trials). The SOA between the cue and target was 100 ms and the target was masked 67 ms later and the mask duration was 100 ms. After a 400 ms blank screen, participants were asked to report the target letter. However, the final trial was a surprise trial, in which only the cue was displayed. After a 567 ms blank screen following the disappearance of the cue, participants were asked to report the location of the cue in a surprise question by choosing one of the numbers 1, 2, 3 or 4 which appeared at the same locations as the four placeholders on the screen. The whole experiment lasted about 2 mins.
Results and discussion
First 11 trials, target report accuracy: The accuracy in the valid condition was significantly higher than that in the invalid condition (0.643 vs. 0.113; paired t(17) = 9.719, p < .001), indicating that the cue was highly effective.
Surprise trial, cue location accuracy: 16 of 18 participants were correct in the surprise report of the cue location (probability: 16/ 18 = 0.89). A binomial test showed that the probability of correct report of the cue location was much higher than random guessing (probability of chance is 0.25; p < .001), indicating that the location of the cue was encoded into WM, despite the fact that subjects had not previously been asked to report the location. Note that there could not have been a motion artifact (e.g., apparent motion between the cue and target) to provide an indication of cue location, since there was no target after the cue on the surprise trial.
Experiment 2
As the cue was the most recently presented stimulus in the surprise trial of Experiment 1, it might be argued that participants were able to infer the location of the cue by sensing the distribution of their own covert attention, or by relying on the iconic memory of the cue (Di Lollo, 1977; Neisser, 1967) , rather than encoding the location into WM. Therefore, Experiment 2 examined these possibilities by displaying a target letter after the cue in the surprise trial as well as in all other trials.
Method
This experiment was identical to Experiment 1 with the following exceptions. A new group of 20 undergraduates participated in this experiment. A target letter appeared after the cue in the surprise trial and it was not followed by a mask. On this surprise trial, participants were asked after target presentation to report first the location of the cue, and were then asked to report the target letter. For half of the participants, the target was displayed at the same location as the cue in the surprise trial (valid group). For the remaining participants, the target was presented on a different location in the surprise trial (invalid group) (Fig. 2) .
2 Our use of the word automatic refers to the fact that the information of cue was encoded into working memory despite the fact that it was not required to be reported by subjects on previous trials.
Results and discussion
First 11 trials, target accuracy: As in Experiments 1, there was a strong validity effect (0.703 vs. 0.127; t(19) = 11.278, p < .001).
Surprise trial, target accuracy: Target accuracy in the surprise trial was 0.25 (valid: 0.4 vs. invalid: 0.1), which was lower than that of the first 11 trials (0.415). The decrement of target performance in the surprise trial might be due to the surprise cue location question before the target task. That is, participants sometimes might forget the target letter while responding to the surprise question.
Surprise trial, cue location accuracy: Preliminary analysis showed that the report of cue's information (e.g., location, color, or identity) in the surprise trial was similar between the valid (i.e., the last trial was a valid trial) and invalid (i.e., the last trial was an invalid trial) groups for this and all subsequent experiments (except Experiment 6 which had no target in the surprise trial). Therefore, we collapsed these groups together when analyzing memory of the cue in the surprise trial.
12 of 20 participants correctly reported the location of the cue in the surprise trial (probability: 12/20 = 0.60) and this performance was significantly better than chance, whether the probability of chance is 0.25 (p = .0009) or 0.33 (p = .011) 3 . Therefore, the present experiment replicated Experiment 1; it demonstrated that the location of cue was indeed encoded into WM and the memory of the cue location could survive encoding of the subsequent target letter. 
Experiment 3
To determine whether the memory of the cue's location could be disrupted by masking, we ran another experiment in which masks appeared at all four locations after the target on every trial.
Method
This experiment was identical to Experiment 2 except as follows. A new group of 20 undergraduates participated in this experiment. Each of four possible locations was covered by a mask after the target letter in every trial, including the surprise trial. The duration of the target was 94 ms rather than 67 ms due to an unforeseen limitation in the software but this did not affect the interpretation of the results.
Results and discussion
First 11 trials, target accuracy: The target report performance was much higher in the valid than invalid trials (0.852 vs. 0.157; t(19) = 10.822, p < .001).
Surprise trial, target accuracy: Consistent with the results of Experiment 2, the target accuracy in the surprise trial (valid: 0.5 vs. invalid: 0.2) was lower than that in the first 11 trials (0.350 vs. 0.505).
Surprise trial, cue location accuracy: 16 of 20 participants were correct in the cue location task in the surprise trial (probability: 16/20 = 0.8), and this performance was significantly better than chance (chance probability is 0.25: p < .001; chance probability is 0.33: p < .001). This result indicated that the location of the cue was encoded and maintained in WM even when all 4 possible target locations were masked. Generally, Experiments 1-3 provided converging evidence that the location of a cue is automatically encoded and stored during typical cueing trials, and this memory trace can survive the processing of the subsequent target letter, regardless of whether the target was masked or not.
Experiment 4
We next wanted to investigate whether attributes of the cue were also automatically encoded. In this case, we ask about color.
Method
This experiment was identical to Experiment 2 with the following exceptions. A new group of 22 undergraduates participated in this experiment. There were four different types of cue color (red, blue, yellow and purple) 4 which were counterbalanced across the set of 16 trials and were presented in a randomly shuffled order during the experiment. In the surprise trial, after the presentation of the target letter, all four colors together with four corresponding numbers (1-4) were displayed on the screen and participants were asked to report which one matched the color of the cue on this trial by pressing a corresponding number before reporting the target letter in the usual way.
Results and discussion
First 15 trials, target accuracy: There was a strong validity effect (0.687 vs. 0.166; t(21) = 8.348, p < .001).
Surprise trial, target accuracy: 9 of 22 participants correctly reported the target in the surprise trial (valid: 0.36 vs. invalid: 0.45), which was similar to the previous 15 trials (0.409 vs. 0.426) Surprise trial, cue color accuracy: In contrast to the accurate performance of the surprise cue location test in previous experiments, only 5 of 22 participants were correct in the surprise cue color task (probability: 5/22 = 0.23), and this performance did not significantly differ from chance (chance probability is 0.25: p = .677). This result indicated that, unlike location, the color of the cue was not automatically encoded into WM.
Experiment 5
The experiment 4 showed that the color of the cue was not automatically encoded into memory as well as the location of the cue. Here we sought to generalize this effect by using red Arabic numbers as the cue and then asked participants to report the identity of the cue in a surprise test.
Method
This experiment was identical to Experiment 2 with the exceptions as follows. A larger group of 28 undergraduates participated in this experiment to increase the power of this test (note that our results would be stronger if cue identity report is not significantly better than chance when using a larger power test). The cue was composed of two identical red Arabic numbers (2, 3, 4, or 5) presented in font size 30 (1.06°Â 0.72°), 1.26°above and below the placeholders as shown in Fig. 2 . In the surprise trial, participants were given an unexpected task: to report the number that was used as the cue in the trial they just saw.
Results and discussion
First 11 trials, target accuracy: Participants showed significantly better performance in reporting the target letter in the valid than invalid trials (0.627 vs. 0.240; t(27) = 5.994, p < .001). This finding indicates that the red numbers were effective in triggering attention in a similar manner to the bars in previous experiments.
Surprise trial, target accuracy: 13 of 28 participants correctly reported the target letter after the surprise cue identity task (valid: 0.64 vs. invalid: 0.29) and this performance was similar to that in the previous 11 trials (0.464 vs. 0.434).
Surprise trial, cue identity accuracy: Only 10 of 28 participants correctly reported the identity of the cue in the surprise trial, and this performance (probability 10/28 = 0.36) did not significantly differ from chance (chance probability is 0.25: p = .139), indicating that the identity of the cue was poorly encoded.
Experiment 6
Is it possible that the color and identity of the cue were encoded into memory first and then were overwritten by the subsequent target letter? Despite the fact that Experiment 2 demonstrated that this is not the case for memory of the location of the cue, here we want to further test this possibility for the identity of the cue by displaying the cue (Arabic numbers) in the surprise trial without a following target.
Method
This experiment was identical to Experiment 5 with the exceptions as follows. A new group of 19 undergraduates participated in this experiment. In the surprise trial, only the cue was presented.
Results and discussion
First 11 trials, target accuracy: Participants performed better in the valid compared to invalid trials on the target report task (0.498 vs. 0.207; t(18) = 4.217, p < .001).
Surprise trial, cue identity accuracy: Only 7 of 19 participants were correct in the surprise cue identity task even though only the cue appeared in the surprise trial, and this performance (probability 7/19 = 0.37) was not significantly higher than chance (chance probability is 0.25: p = .175). This result indicated that the poor performance of surprise cue identity task in Experiment 5 was not due to overwriting of identity information by the subsequent target letter.
Experiments 7a and 7b
The Experiments 4-6 provided converging evidence that the attributes of the cue were poorly encoded into memory. Is it possible these results reflect the basic limitation of periphery vision? In other words, because of chromatic insensitivity and poor resolution at the cue's peripheral location, participants might be unable to report the attribute of cue even though they know something appeared there 5 . Experiments 7a and 7b were conducted to examine this possibility by respectively replicating Experiments 4 and 5 but adding additional control trials following the surprise trial, in which participants were again asked the attributes (color in the Experiment 7a and identity in the Experiment 7b) of the cue as in the surprise trial. A perceptual limitation would be eliminated if participants can report the attributes of cue in these control trials.
4 RGB of the cue color: red (220 0 0); blue (0 220 220); yellow (220 220 0); purple (190 45 200). 5 We thank an anonymous reviewer for bringing this possibility to us.
Experiment 7a

Method
This experiment was identical to Experiment 4 with the exceptions as follows. A new group of 22 participants participated in this experiment. There were 19 trials before the surprise trial and 4 extra control trials subsequent to the surprise trial. The control trials were identical to the surprise trial.
Results and discussion
First 19 trials: There was a highly significant cueing effect (0.790 vs. 0.151; t(21) = 15.576, p < .001).
Surprise trial: This experiment replicated Experiment 4 by showing that only 8 of 22 participants correctly report the color of cue in the surprise trial, and this performance (probability 8/22 = 0.36) was not significantly higher than chance (chance probability is 0.25: p = .161). As in previous trials, there was a strong cue validity effect on the target report in the surprise trial (valid: 0.545 vs. invalid: 0).
Control trials: The performance of cue's color report in these 4 control trials were 0.82, 0.96, 0.96, and 1.0 respectively.
Experiment 7b
Method
This experiment was identical to Experiment 5 with the following exceptions. A new group of 20 participants participated in this experiment. There were 4 extra control trials subsequent to the surprise trial. The control trials were identical to the surprise trial.
Results and discussion
First 11 trials: The spatial-cueing effect was highly significant (0.606 vs. 0.207; t(19) = 5.544, p < .001).
Surprise trial: This experiment essentially replicated Experiment 5 by revealing that only 8 of 20 (valid: 3/7 vs. invalid: 5/13) participants could correctly report the identity of cue in the surprise trial, and this performance (probability 8/20 = 0.4) did not significantly differ from chance (chance probability is 0.25: p = .102). The target report performance in the surprise trial (valid: 0.429 vs. invalid: 0.384) was the same as that in pre-surprise trials (0.407 vs. 0.407).
Control trials: Critically, participants could accurately report the identity of cue in the four control trials (0.75, 0.80, 0.90, and 0.95).
In summary, Experiments 7a and 7b replicated Experiments 4 and 5. More importantly, participants could easily report these same attributes once they have an expectation to do so, as shown by the results in the control trials. Therefore, these two experiments ruled out the aforementioned possibility that participants' inability to report the attribute of cue was due to the limitation of peripheral vision.
Experiments 8-10
Until now, the previous experiments showed that participants performed well in the surprise test of a cue's location but not the surprise test of a cue's attributes, indicating that the location, but not the attributes of a cue, was automatically encoded and maintained in WM. However, it may be argued that the location of the cue was relevant to the target task (since it indicates the location of the following target letter) but the attributes were irrelevant. Experiments 8-10, therefore, were conducted to address this possibility. Specifically, in Experiments 8 and 9 we made the location of the cue task-irrelevant by setting the cue validity as 0% and 25% (equal to the random probability) respectively, instead of 50% as in previous experiments, and asked participants to report cue location in a surprise test. In contrast, in Experiment 10 we made the color of the cue task-relevant by asking subjects to use the color to identify which of 4 colored items was the cue and then asked them to report the color in the surprise test. Note that by task-relevant, we do not mean the necessity to report the information, but just that the color would have a clearly defined role in specifying how attention should be allocated to optimize performance.
If the aforementioned relevance hypothesis is true, then here we should observe a completely opposite result than in the previous experiments. That is, participants should perform poorly in the surprise cue location task in Experiments 8 and 9 but show good performance in the surprise cue color task in Experiment 10. However, if location encoding is automatic and task-relevance is not sufficient to force participants to encode attributes, then they should still show good performance in the surprise cue location task in Experiments 8 and 9 and poor performance in the surprise cue color task in Experiment 10.
Experiment 8
As mentioned before, here we want to test the relevance hypothesis by making the cue location less task-relevant. To be specific, the target in this experiment would never appear at the location of the cue and participants were explicitly informed of this before the experiment.
Method
This experiment was identical to Experiment 3 with the exception as follows. A new group of 20 undergraduates participated in this experiment. The cue was 100% invalid with respect to indicating the location of the following target. In order to discourage the participants from attending to the cue, before the experiment, participants were instructed that ''the target letter will never appear at the same location as the red bars, and please ignore the red bars during the experiment''.
Results and discussion
First 11 trials, target accuracy: Since all these trials were invalid, participants correctly reported the target in only 21.36% of trials.
Surprise trial, target accuracy: 2 of 20 participants could correctly report the target letter after the surprise cue location test, which was lower than that of previous 11 trials (0.10 vs. 0.21).
Surprise trial, cue location accuracy: 17 of 20 participants performed well in the surprise cue location task and their performance (probability: 17/20 = .85) was significantly better than chance (when chance probability is 0.25: p < .001; when chance probability is 0.33: p = .016). These findings indicated that subjects automatically encode the location of a visual cue, even when they are explicitly asked to ignore it and it never occurs at the target location.
Experiment 9
It might be argued that the cue location in Experiment 8 provided some information because it indicates where the target would not be. Accordingly, in this experiment we make the cue completely spatially uninformative.
Method
This experiment was identical to Experiment 8 with the exception as follows. A new group of 20 undergraduates participated in this experiment. The cue validity was 25%, which was equal to chance. Before the experiment, participants were informed that the cue would be uninformative in predicting the following target location and they were asked to ignore the cue during the experiment.
Results and discussion
First 11 trials, target accuracy: Participants performed better in the valid than invalid trials (0.942 vs. 0.246; t(19) = 13.978, p < .001). This result is consistent with previous studies (Yantis & Jonides, 1990) which showed that an exogenous cue can capture attention even when it is spatially uninformative.
Surprise trial, target accuracy: As in previous experiments, the target report after the surprise location test (valid: 0.4 vs. invalid: 0) was worse than that in the first 11 trials (0.20 vs. 0.59).
Surprise trial, cue location accuracy: Replicating the results of Experiment 8 precisely, 17 of 20 participants again correctly reported the cue location in the surprise test and their performance (probability: 17/20 = 0.85) was significantly better than chance (chance probability is 0.25: p < .001; chance probability is 0.33: p = .016). The findings of the present experiment provided further evidence that location is encoded automatically.
Experiment 10
Here we sought to further test the relevance hypothesis by making the cue color task-relevant. To be specific, we asked participants to use the color of a cue to find the most likely location of the target.
Method
This experiment was identical to Experiment 4 with the exceptions as follows. A new group of 20 undergraduates participated in this experiment. The trial began with a colored (red, blue, yellow, or purple using the RGB specifications above) central fixation and after 200 ms four differently colored (red, blue, yellow, and purple) placeholders appeared. One of these four colored placeholders had the same color as the fixation. The fixation and placeholders then remained on the screen for 500 ms after which a target letter was either displayed at the location of the placeholder with the same color as the fixation (50% of trials) or randomly at any one of three remaining locations (50% of trials). After 94 ms of target display, four masks appeared at these same four locations. Participants were instructed that the cue which indicated the likely location of the target had the same color as the fixation cross, and they were asked to pay attention to the color. As before, they were then asked to type the letter at the end of each trial. In the surprise trial, subjects were surprisingly asked to report the color of the cue (the placeholder that has the same color as the fixation) before reporting the target letter. Before the experiment, subjects were given four practice trials.
Results and discussion
First 15 trials, target accuracy: Participants performed significantly better when the target appeared at the location of the placeholder that has the same color as the fixation than when it appeared at the location of the placeholder of a different color (0.907 vs. 0.732; t(19) = 2.519, p = .021), indicating that participants had effectively used the color of the fixation to search for the placeholder with that same color (i.e., the cue) that indicates the probable location of the subsequent target.
Surprise trial, target accuracy: As in previous experiments, the performance of the target report task in the surprise trial (valid: 0.8 vs. invalid: 0.4) was lower than that of the previous 15 trials (0.60 vs. 0.82).
Surprise trial, cue color accuracy: In line with Experiment 4, participants still showed poor performance in the surprise color task, with only 7 of 20 participants being able to report the color of the cue (placeholder with the same color as the fixation), and this performance (probability: 7/20 = 0.35) was comparable to chance (chance probability is 0.25: p = .214), even though color was now a relevant attribute that had been used by participants to perform the target task.
These findings suggest that despite the fact that participants had used the color to find the most likely target location (i.e., it was task relevant), this requirement did not necessarily cause them to encode the color into WM. Instead, participants might have compared the color of the fixation to placeholders. This finding is consistent with the inattentional amnesia hypothesis which suggests that the inability to notice an object or a change might reflect a failure of encoding the information into WM (Moore & Egeth, 1997; Wolfe, 1999) , rather than a failure of perceiving the stimulus as suggested by the inattentional blindness hypothesis (e.g., Mack & Rock, 1998) . Furthermore, these data clearly showed that whether a stimulus is task-relevant does not necessarily determine that it will be stored in a reportable memory trace.
Another point that needs to be mentioned is that the present experiment was based on an endogenous shift of spatial attention (participants endogenously deployed their attention to the placeholder that shares the same color as the fixation), which was different from the other experiments that manipulated exogenous spatial attention by using a transient visual cue.
General discussion
In a series of 11 experiments, we investigated how cues are remembered during a typical cueing experiment (i.e., one in which participants were only asked to report the targets but not the cues themselves). In particular, we explored whether the location and attributes (e.g., color and identity) of visual cues were encoded into WM even under the expectation that the cues were not required to be reported. We found that the location of the cue was well encoded into WM, while the attributes of the cue were poorly encoded, regardless of whether they were relevant to the target task or not. Moreover, memory of the location of the cue was sufficiently durable to survive processing of the subsequent targets. The summarized results of all experiments were shown in Table 1 . We interpret these results as suggesting that a spatial cue produces an obligatory object file representation that contains spatiotemporal information concerning the cue, with the option to add attribute information in a subsequent processing step. We describe this idea in greater detail below. To ensure that the inability to report the attributes of the cue was not due to a subset of participants who learned to ignore the cue, we conducted a follow-up analysis on the data from Experiments 4, 5, 7a, 7b, and 10. For all of the participants who failed to report the cue attribute, we found a highly significant cueing effect on the preceding trials (valid: 0.708 vs. invalid: 0.283; p < .001).
Relation of cue memory to inattentional blindness
The present study used a surprise-test paradigm that is very similar to those used by inattentional blindness studies (e.g., Mack & Rock, 1998; Rock et al., 1992) and a recent finding of irrelevance blindness (Eitam, Yeshurun, & Hassan, 2013) . However, there are some important differences between our study and those demonstrating inattentional blindness. First, in typical inattentional blindness studies, the stimulus of interest is never displayed before the surprise test and subjects have no expectation of the appearance of the critical stimulus. The present study, however, displayed the cue stimulus on every trial and subjects were informed of this before the experiment. Second, and more importantly, in inattentional blindness studies participants were usually preoccupied by an attentionally demanding task at a different location and thus did not pay attention to the surprise test stimulus; while the cue in the present study was placed so as to bracket the placeholders at which the target could appear and thus should have been attended. That these cues were attended was demonstrated by the consistent cueing effect on target report in all of the experiments. Therefore, contrary to inattentional blindness studies which usually attribute the failure to report a salient unexpected stimulus to a lack of attention to that stimulus, the present study showed evidence that subjects even failed to report the attributes of an attended cue (Experiments 4, 5, 6, 7a, and 7b) as well as a task-relevant attribute of an attended cue (Experiment 10). These results complement another recent finding that participants can attend directly to a particular attribute of a specific stimulus and yet be unable to report that attribute in a surprise test (Chen & Wyble, in press ).
The interaction of memory and attention
As mentioned in the introduction, some theories of the attentional blink (i.e. the AB; e.g., Bowman & Wyble, 2007; Wyble et al., 2009; see Martens & Wyble, 2010 for review) place considerable importance on the encoding of a target as a causative factor in producing the AB. Such a theory applied to spatial cueing paradigms would suggest that the encoding of information about a cue inhibits the allocation of attention to a following target, which might explain at least some of the behavioral consequences of spatial cueing. Specifically, encoding information about the cue into memory would be predicted to inhibit the deployment of attention to the target's location, which would particularly go at the expense of the ability to identify the target in an invalid trial. This theory would thereby establish a potential link between the AB and spatial cueing effects.
Thus, our findings that participants did reliably encode some information about the cue are likely to be a crucial part of our ongoing efforts to understand the underlying mechanisms involved in the costs and benefits of attentional cueing. Future work will examine this question more directly by asking participants to remember the location and attributes of a cue as well as reporting the target, and to measure how the spatial cueing effect is affected by varying the amount of information about the cue that needs to be retained. Some preliminary investigations have revealed that when participants need to report a cue's attributes, the size of the invalidity effect is increased. Importantly, asking participants to report the cue's location does not increase the invalidity effect (Chen & Wyble, 2014) , which is consistent with our findings here because we found that participants are encoding the location whether we asked them to or not.
Why might the location but not the attributes of visual cues be automatically encoded into WM?
In line with previous studies (e.g., Golomb, Kupitz, & Thiemann, 2014; Huang, 2010) , the present study demonstrated the privileged role of cue location over attribute memory. Such a privilege can be explained well by a variation of the object file theory (Kahneman, Treisman, & Gibbs, 1992; Mitroff, Scholl, & Wynn, 2004 , 2005 . Specifically, an object file will be established, on the basis of the spatiotemporal representation (e.g., the location and particular time of appearance) of a stimulus. An early description of the object-file theory (Kahneman & Treisman, 1984) proposed that on initial exposure to a new object, the first representation that is created contains only the spatial and temporal information of the stimulus, with the attributes perhaps to be added later. In such a framework, an object might be defined as a set of edges that occupy a clearly defined region of the visual field and appear at the same time. In the case of our experiment, the fixation cross, the targets, the four placeholders, and the individual cue bars would each create a distinct object representation within the visual system.
A core component of this theory is the idea that object files are indexed according to their location within a map. This idea that location is fundamental to an object-file representation is further supported by Mitroff and Alvarez (2007) who found that spatiotemporal contiguity is essential for updating object-files, but attributes alone were ineffective at causing object-file representations to shift. Therefore, to explain the data from the present study, we suggest that the appearance of a cue triggers the obligatory establishment of an empty object file, which inherently represents the location but not the attributes of the cue. Since reporting information about the cue is not a part of the participants' task set, the attributes associated with the cue are not attached to the object file representation. However, the ability to report the cue's location suggests that the fact that the cue is unnecessary for the current task does not prevent the object file from being created. Notice that the inattentional blindness studies sometimes show that participants have no awareness of the appearance of an unexpected stimulus, suggesting that an object file representation might not be obligatory when attention is entirely drawn away from the location of a stimulus. Therefore, future studies could explore the necessity of creating an object file in a response to a stimulus by systematically exploring the methodological differences between inattentional blindness studies and the present studies. The distinction between creating an object-file vs. encoding all of its attributes is also apparent in a recent study by Eitam et al. (2013) in which participants were simply asked to encode one of two concentrically presented colors and were then tested on the other color. Their data were consistent with one aspect of our results in finding that attributes of an attended stimulus are not necessarily encoded into memory. Note that Lin, HubertWallander, Murray, and Boynton (2011) provided an example of the color of a cue affecting a subsequent search task, which provides some evidence that participants store the attributes of a cue in memory traces that persist for at least a few hundred milliseconds, which would be consistent with storage in iconic memory.
Encoding failure vs. encoding and forgetting
In memory experiments, it is typically difficult to definitively conclude that apparent encoding failures are not the result of successful encoding followed by forgetting. Likewise, in these experiments, it is possible that in the case of failures to encode cue's attributes (Experiments 4, 5, 6, 7a, 7b, and 10), subjects had created WM representations of the color or identity of the object, but then erased those memory traces prior to report. However we find this possibility unlikely for three reasons. First, in most of the experiments, subjects were reliably able to report location information about the cue in a surprise test, even after it had been masked. This suggests that the surprise test itself did not cause WM to be completely erased. Second, the cue retention interval, i.e., the duration between the cue onset and the surprise test, was less than 0.7 s and questions about the target were deferred until after the cue report. Finally, in Experiment 6, in which subjects failed to report cue digits, there was no target letter or mask following the cue. The cue was the last stimulus shown on the screen prior to the surprise test and yet subjects were still unable to report its identity at above chance. For these reasons, we find it highly unlikely that WM traces were formed but immediately forgotten.
The rapid forgetting hypothesis can perhaps be tested in future work by forcing participants to briefly store information during the trial, for example, by masking the fixation cross and placing a retention interval prior to the cue display in Experiment 10. Experiments of this sort will be used in ongoing work to further investigate the validity of the failed encoding and rapid forgetting hypotheses.
Conclusion
Our studies have found convergent evidence that location information about a cue is encoded into memory even when participants have no expectation that they will have to report that information. However, we found that highly salient attribute information, such as color, or unmasked digit identity, was poorly encoded into memory, even when this information was made task-relevant.
In addition, as the cue in this study was always highly effective in affecting spatial focus of attention, the present study demonstrated that the attribute (of the cue) that had triggered the allocation of spatial attention was not guaranteed to be encoded into WM. These findings contribute to our understanding of how memory and attention interact, and also point to the importance of expectation in defining which stimulus attributes are encoded into memory.
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